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lntr odu¢tion
ln the･19908･ drtlg resista nce has becom e a nimpoト
ta ut problernin a va riety ()f infectious disea se
including hum a nim m u n odficie ncy virus(HIV)infec.
Lio n . tuberc ulo sis, a nd other bacte mi 1 infectio ns
which ha vepr ofou nd effects o nhu m a nhealth. At
the s aLne tim e, therehave beerl dr a m atic incre ases
in the incidenc e of fungal infectiorl島.･ Which are
probably the results of alLer ation 白in im m un e
stattlS aSSC)Ciated with the AID Sopid8 mic, c a n ce r
che mother ap y, a rid organ a nd bo nem arr owtr allS_
plantatio n･ T he rise in th8 incidence of fungal
infection畠 ha,s e x a c e rbated the need for the ne xt
ge ner atio n of a ntifu ng81 age nts, sinc e m a ny of the
a v ailable drugs ha ve u ndesir able side effects, a r e
ineffective against ne w or ree m erging fu ngi. o rled
to the r apid developm ent of resistan ce. Although
extre m ely r ar e10years ago. 8 ntifu ngal drug resis･
la n c ei8 quickly bec o m lng a m ajorpr oble min cer-
ta･in pQpulations, especially thoseinfected with
m V(1). Oralc a ndidia由 is ozle Of the e arliest a nd
m o st freque nt op portunistic infectio ns 8BS OCiated
with im mtlJle Sy8te m failu rein 王iIV-infected indi-
vidtlals
･
C8 ndidiasis is tlS tl aly tr eated effectively
with o r al flu co n a 名Ole or other a 名Oles
. Recently, the
effic acy of thi畠 drugs ha s been c o mpromised by
the e mergen ce of azole- re sistant strain s of Ca ndida
albic a n s and intrinsic ally resista nt specie s such a s
Cbndida glabr ata a nd Ca ndida hru8ei. One study
estim ated that) 33% of isolate s fro m patierlt8
with ArD S ha veM ICs of flu cona z ole gre ater than
12･ 5LLg/ mI, while standard stlS C eptible strains
hav e M ICs oflesstha n4 〟g/ ml(2).
T he Al D Sepide mic, im prov ed life-s u stainlng teCh-
nologl eS, a nd 且g greSSive antic anc er the r ap y ha.v e
c o ntribute to today
'
8
patient populatio n who
Fo reign re searcher of
s everely im mun o8 1p pr eSBed
S ur vive lorlger in theim m u-
no8 up pre Ssed state･ M u co s al a71d By8t8mic fungal
irlfectio ns a r e c o m mon in patie nts lacking intact
host defe nces. iJICr ea8irlg th白 depeJldence on a ntifu-
ngal age nts forprophy18 Ⅹi8 a nd tre atm e nt. Coinci,
de nt with this in crea8 8d usage, re 8i8ta nCeha sbeen
ob白8 rV 8d(3). Recently, a n elu cidatio n of the m olec,
ular a spects of 且ntifu ng81 resistanc e has been
initiated
,
So m e clinical a nd cellular factors that
c o ntribute to 8ntifu ngal drug r e6iBta nCehav ebee n
elucidated, a nd 80 m e m olec ular m echani8TnSha v e
b8C ndescribed(tablel). The elllCidatio n of the
n olectl a r m echa niB m8 i8 畠ti11w ork in pr ogre88(3)
Mech8 nis m s of action of 8 Z OF8S
Seve r al inhibito rsQf the ergoBterOl bio8ynthetic
pathw ay ha ve be endeveloped for t18 e against Ⅱl edi-
c a11y importa ntfu甲i, including allyla mineB, a Z OleB,
a nd m DrPholin es. Allof the白e drugs interact with
e nz ymes irrv olv8d in the synthe8i8 0f 8rgO BterOl
fro m 8qtlale ne, which is produced fro m a c etate
thro ugh acetyl c oe nzyTn e A, hydroxymethylgltlta ryl
co en宕ym e A, and m 8Valo n ate . ErgoBterOl i与 aJl im -
porta nt sterolfo rfungi.
T he az ole昌,includingboth i mi da z oles(ketoco n 8E Ole
a nd miconazole)andtriazoles(fltlCOna ZOle, itr ac on a_
B ole, a nd voric onazol白). a r edir e cted against l乱n O-
8terOl de m ethylaseirlthe ergo sterol pathw ay. T his
enzym e iB a CytO Chr o me P-450en名ym ec o ntaining a
he m e m oiety in its active site . T he az oles act
thro ugh an u nhindered nitrogen, which binds to the
iron ato m of the he m e
,pre v enting the activation of
o xy ge n which is ne c e 畠Sa ry for the de methylation of
lan oster ol･ 1rl additon to the u nhinde red nitroge n.
a S e c ond nitr oge n in the azoles is tho ught to
interact dir e ctly with the apoprotein of la no ster ol
de methylas e･ It is tho ught that the position of
this sec o nd nitrogen in relatio n to the apopr otein
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m ay deter mine the specificity of differe nt az ole
dr ugs for the en芦y m 8. At highco nce ntration s, the
a z oles may als ointera ct directly with lip ds in the
m em br a ne s(3).
Mechanis m s of 8Z OEe resita nc e
Ca ndida albica ns is a nim perfect, dirn orpllic ye a st
which i8 fou nd as a c o m ens al inhabit,a nt of the
hLm an■body. This O rga nis m is the m ost im porta nt
and prevalent hu ma 71ftl ngal pathoge n c allSing Su -
perficiala 8 Wella s potentially life-thre atening sys -
temic myco Be S. Asthefreque ncy of resistance
‾
hasin
creas ed in the EIV･infected poptlatio n, the rn e cha -
ni畠m Sthat reEmlt in azole r e sistance have beco m e
a foc us of at tention .
Itis impo rtantin the an alysi畠 Of the m echani6m S
of re sista n ce tO lSe a m atched set of is olate s
,
that
i8,■se nsitiv e and re si占tant Ve r sio ns of the s a m e
8t･rain, aS determined by R F LPor knryoty pig. T his
is reqllired be c at18 eC, albican sis 7T1 0 8tly clonal;
that is, gro w s v eg tatively without se xtlal repr odll C-
tion . T h8 Clo n al n attLr e Of C
.
albic a n s m ake 昌 it
im perativethat m atched sets 0f白e nSitiv e a nd re sis-
tant v ersio ns of a singa1 8tr ain b占 char acte riz ed
whe ndeter min lng the m echa nism s of re8ist8n Ce.
R F L P且naly8i8 with the repetitive m a rker ca3
de mon8trate8 a wi de v ariety of R FIJP pa･tter
.
n s,
s ug gesting that only rarely a r ㊤ clinical is olates
r占1ated to e acl1 Other(4). Specific m utation sin a
target gen e ca n be tlle r eStlt of allelic v a riation
o r selection for a spe cific re sistan c eph8 nOty pe .
T he differe nce s C an be determined only with a
m atched 8 et Of s e n sitiv e a.nd re 8ist且nt is olate s
fro m the 8a m eStrain. To date, fe w studie s h v e
used m atched βets ofis olate s(2, 5- 10).
In1994, Pf al 1er et al. (6) r eported o n a n H IV-
infected m ale who stlffer ed from 14epis odes of oral
candidia8 s in 2ye ar.
a who w 8 8tre ated with increa-
sing dos e sof fluc on az ole . T he M ICs for a serie畠 Of
clinical is olatesfr o m the patie ntincre a s ed atinter-
vals, Starting with an M ICof 0. 25p g/ ml and
e v enttlaly rising to a nM ICgreater tha n 64FLg/
ml
.
The白e incre 8S e 白 CO r related with the ele vated
dose s Of azole drug that we re administered to the
patie nt. Se veralteclm iques w efu sedto de m onstrate
that the is olatesfr o m this se ries ar e the sa me
str ain of a. albic a n s, altho11gh･it w a自Sho w nthat
a stlb8tr ain w as Selected atisolate2. The r esistanc e
phe noty pe of the final is olate(isolate17)is geTleti-
c ally 畠table, a Bit persi8tB for over600ge neratio ns
in the abse nce of 8ZOles . Re c ently, W hite(10)has
sho w nthat the o v erexpression of MD R1(m ultidr ug
resistan c e), E RGll(血 gster ol biosynthetic e nzym es),
and C DR(Cαndida dr ug re 8i8ta nCe)co r elates with
81gnific a nt incre a s es in re sista nc ein the 8eri8 S. T he
白erie s of 17 is olates c ollected during a 2･ye ar period
fr om a single AID Spatient hasbeen studied e xte n･
Sively, beca u se re畠i8tanCe tO fluc onazole developed
graduallyillthis s eries and is corr elated with the
do ses that were given to the patie nt(3).
(1)Cellula r m echa ni8 m B Of 且ZOle re9i色tan Ce
Se ver al c8111lar factors ca nle ad to the pre s enc e
of a r e sista nt Str ain in a
. patient:intrinsic resi昌一
la nc e of e ndogeno lユS Strain s, r eplace m erlt With a
m o rere sist ant species(C. hru B el, C, glabr ata),
repla ce m e nt with a m orere sistant strair1 0f a.
albic an 8, ge n etic alter ations that re nder a n e ndoge-
n o l娼Btrain r e sistant, transient ge ne e xpression that
r ende r s a ne ndoge n o 11B 日train te mpor arily resista nt,
alte r ation in cellty pe(yea st/hapha e, Switchphen o-
ty pe), 8ize and va riability of the populatio n. a nd
population, bot tlen ecks, (3). In thi8 reVie w,
alter ation in c ell ty pe-one of cellular mech nisrn s
of 8.ntifu ngal drug
detai l
.
C
.
alb わa n Bhas a
wllicb v a ry in their
ca n s c a nbe divided
resista ncewill be di畠CtlS白ed in
v ariety of differ ent celltypes
s u8C 8ptibility to a z oles. a albi-
into tw o ser oty pes, A aTld B,
ba s ed on c arbohydrate stl rface m a l･kers . T he B
昌e r Oty pe Str ain s ar e m o r eB e n Bitiv 8 tO a五01es (espe-
cially ketoc o n azole)btlt are mo r e re sistant to5_ F C
tha n are the A ser oty pe str ains(12).
a
.
albic an siB a dim orphic fungus. The yeast-like
orbla stoBPOr e C ellty pes arespheric al, btlddirlg Cells
which a re a s s o ciated with c o m men 8 al gr owth of C.
albic a ns
.
Under a variety of c o nditions, a. albic aTL S
can for m long, slender hy phal proje ction s, w hich
a r e often a s s o ciated with C･ albic aTL8 pathogenic .
Azole drugs
at O,1 〟 M ,
the dr ug m
m onito rl ng
ca ninte rfere with hyphal produ ctio n
1/10the ther ape utic c o nc e ntratio n of
uiu o. To date,the re ha ve bee nno studies
the ability of resistant a nd sen sitive
clinic al isolates 0f C･ albica ns to for m hy phae.
Ho w e ver, it i8 po s sible that a r esista nt Strain with
the ability to fo r m hy phae e ven in the pre s en ce of
azole dr ugs w o uldbe m ore pathogenic th n a se n-
sitiv e str ain t hatis Ll nable to form hy pha e. T his
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po ssibility needs further 白tudy(3).
Very luckily, we obtained the abov e serie畠 Of
str ain s a nd other4widely sttldied a zole- re sista nt
is olates･ Sinc ehy phal fo rm atiorlhas bee nim plicated
in the pathoge nesi 【)f Candtda alblcnas a nd azoles
ha v ebee n show ntoinhibithy phal for m ation, it w as
of interest tO a8Be S 呂the hy pha-for ming c apabilities
of az ole-s e n sitive(bndlda aLbic a朋 and its r e sita nt
ve r sio n(m atched set)when a ntifu ngAl age nts are
pr e sent･ We thought having a higher c apability in
hy phal for matio n for azole･ r e畠ista nt C. alblca ns
is olate s tha n 阜u昌C ePtible o ne畠p8 rhaps is o neaspect
of a乞01e re sistan ce meCha nis m s(cellular m echanis m s).
W e c o mpared the hyphal for m atio n ability of this
Str ains u nderdiffere nt co n centratio n of flucon azole
(F CZ), itr ac o n &z ole(IC E). ketoc o n &z ole(KCZ), 5-
flucytosin e(5･ F C)a nd arnphotericin B(AmB). Our
r e s ults cle a rlyindicated that &z ole resita nt Cand ua
albic a ns str&in8 had a 良ignific & ntly e nha nced capa･
bility tofo r mhy phaein the presence Of differ ent
c o nce ntr atio n畠 Of azoles(13).
Otlr r 略 ults a nd thos㊤in other reports(13, 14-18)
indic ated that Cells which acctl m ulate14- a ･ m ethy-
18terOIs are seriotlSly defe ctivein hy phal for m atio n
For e x a mple. a cytochr oTn e p･4501defici8nt m tltant
of CTa ndida albican s. Str ain DID, w a s e mployed to
study the hy phal-for m lng Capability, T his Strain
w assho wrl tO be Berio uBly defective in hy phal
for matio n, butits wild-ty pe reve rent, strain DIO R,
w a s u n affected, 8 ug ge8ting that this ftLn Ction m ay
be depe ndent o n the14- a - dem ethylatio n of la nos-
te r ol･ S him oka w a(19)reportedthata mo ng75polyen e-
re Bista nt(pr e sum ably ergoBter Ol) m uta nts ofCandida
albic an s, only strain K D4700 acctlm t1 ated 14- a -
m ethylsterols and w a s defect,ivein hyphal form a-
tion . T his indicates that the pre s e nce of 14- a -
m ethylste ro18, ratherthan the absenc eofergoste rol,
plays an im portant role irl the inhibit on of hy phal
form atio n. T herefo re the asociation of a specific
m em br8･n e Ste r OI co mposition with decre a s ed gro wth
rate a nd the in ability to n or m ally gen e r ate hy pha e
ha sim portantim plicationsregarding the me chanis m
involv ed in hy phalfor m atio n as wellas the m ech8-
rlism of a zole re sist且nee . Fo r a n az ole- r esistant
is olate, thereis n o14- a ･ m ethylster ols acc um tla-
tio n irlits m e mbra n e e ve nin the pre se n c e ofazole B,
its c apability or by pbal ro r matio n 血gbt be the
s a me a sthat in the abs ence or az oleB, SO it c a n
fo r m hy pha e a nd c an canse infe ction ev en in the
prese nce of azole8. An d forthe patie nt, hi白 Clinic &1
m a nif8Statio nis being infected with a n azole-r e Bi ･
tantis olate･ T herefore, w e c a n c onfidently 組y that
the alteratio nin the capability of hy phal fo r m atiorl
is also akind of azole resita nce m echa nism , C ellular
m echani与m ･ T he sllbstitutio n of 14- a ･ m ethylste rol畠
fo r e rgoster olre弓ul七日 in a m e mbr a ne with altered
pr operties. So m e author s r eported that m embra n e
perm e ability properties w er e altered arid the Se nsi-
tivity of th8 m embra neto certain m 8 mbra ne- a ctive
agents was elev ated. Hitchc ock et al.(20)have repor･
ted that an azole･r e 8i8ta nt de m ethyla8e Zn uta nt Of
CTandida albica n s w asl鎚S pe rm e able to azole. T he
a uthors concluded that this m ay be the basis of
r esistanc e
.
So the s ubstitutio n of lan ostcr ol for
ergo8terOl in fu ngal m eznbra n e畠induces a v ariety
of fu nctio n al alteratio ns su ch as pe r m e ability
cha nges a nd le akage thatresultillgr o wth inhibit.ion
or e v e ndnlg resista nce.
T8bl¢ 1:Pot8Tlti&1 m olccllar m e cha nis m s of
amtifu ng8.1 drug re sista nce
Alterations in dn lg I mpo rt
Alte rations in intra c ellula rdrug proce s 81ng
M odific ation
Degradatio n
Alter ations in the ta rget enzym e
Point m utations
0vere xpres占ion
Ge nea mplification
Ge ne c o nv e rsion o r mitotic re c ornbin atio n
A lter ations in other e n zym es in the ergoster ol
biosynthetic pathw ay
Alte r ation sin erfllユⅩ pu mps
A BC tra nsporter s
M ajo rfacilitator畠
(2) M olec ular m echa nism s of a zole r e si tarlC e
Resist an c etO antifu ngal dr ugs, specific ally az oles
s u ch as flロCO n aZOle. irl the opportu nistic yea st
Ca ndlda albic a n8has bec o m e a nincrea sing problem
in HIV-infe cted individtlal昌. T he m ole c ula r me cha ni_
srns r espon sible fo r this resista n c eha ve orLly
r e c e ntly be c o me ap pare nt a nd can irlChlde alte ra-
tio n sin the target e n zyrne of the a z ole drugs
(la nosterol14- a -de m ethylase[1 4D M]). o rin v a rio u s
efflu x pu mps fr om both the A B Ctransporte r and
m ajo rfacilitator ge n efa mi lies(tablel) (3).
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T he acc u muhtion of alteration s hasbee ndoc u m 8_
nted forthe β占ries of 17clinic al is olates(2, 3, 10).
Firstly, the M DR lef flu x pu mp w as o v e r expr e8 S ed
(10)･ Subseque ntly, thre e sim ulta ne o u sCh8nge白
o ccu r red
･ allof which in v olv ed the E R Gllge ne: a
point m utation , a ge ne c onv er8io n or mitotic
re c o皿bination of the E R Gllpoint mtltation c onv er-
ting both allele8 tO the m tltant Versio n(2), and
ov er expre s Bio n of E R G ll(10)･ These Cha ng.
e8 resulted
in a n e n2;ym e a ctivity that w asre sistant tO flu c o_
naE Ole･ Finally, the C D Refflux ptlmp占 W ere OVe r 8Ⅹ -
pre s 8 ed(10). 鮎 ch of thesealter atio nB iB likely to
co ntri bute in
phe noty pe of
no indicatio n
important. It
S o m ew ay to the over a.1lr esista nce
the final cell. At this tim e, thereis
that the order of these alteratio nsi8
iB likely that ea ch w o uldc o ntribute
to the re si8tanC8 phen oty pe indepe ndent of the
tim ing Of the alteratio n. This gradual incre a s ein
resistanc e aBBO Ciated with specific alte rations i8 an
im po rta nt m echanis m Of re sista n ce .
AmbJlg the abo ver nolecll ar m e cha nis ms which
c o】ltribute to a之01e r8 Si8tanC e, m Olec ular alterations
of the target en zyme en c oding gen eh B bee n stlldied
r elatively thor o ughly. AB m entio ned inlthe a ction
m e chni昆m S Of azole s, the predomin a nt target
en野 m e Of the a z ole drugsi81a n ost8r Ol de m ethylas色
T he ge nee nc oding this protein is cur r e ntly desig-
nated E RGllge ne in all fungaユ species. Seve r al
ge netic alter atio ns hav ebe e nidentified that ar e
as 8 0 Ciated with the E R G llgene of C. albic an 8,
inchlding point m utation s in the c oding regio n.
ov e r expre s sion of the gene, ge ne
(which le ads to o vere xpre s sio n), a nd
o r nitotic re c o mb hatio n.
h o ne study. a point m Ⅶtation
ide ntified whe n a n a zole-resistant
a mplificatio n
ge ne c o nversio n
in E RGllw as
clinic al is olate
w as c ompated with a 8 en 8itiv e is olate fr o m a
81ng18 8train of C･ albica TLS . This POint m tltatio n
result ill the repla ce m ent of arginine with1y$l ne
at amin o a cid 467of the ER Gllgene(abbreviated
R467 E, where 氏 - Arg and K- 1ys). T he mtltatio n
iB pOSitio ned ne a rth8 CyBteine which co o rdin at88
the fifth position of the iro n ato m in the he me
c ofactor. T he mutatiorliB thought to cau s e Structu-
ral or fu n ctional alteratio ns a S SO Ciated with the
hem e
･
Re ce nt ge netic m a nlpulations sug gest that
R467Ⅰくalone is S ufficie nt to c a usea zole r e sista nc e
.
甘owev e r, in the Se ries Df clinicalis olate s, Se v e ral
alte ratio nsOC Cu r red simtlta neo usly(2), So it is
im possible to deter mine how m u ch R467 Kco ntri.
butesto the o ver all8 Z Ole reBi8tarlC ¢ Of the is olate.
W ang et al(21-25)select8dtllirty･tw oF CZ-re sista nt
C･ albic an sas te8t 白tr ains(M ICs ≧64p g/ ml).
W ith E R Gllgene as object, a nd six sets ofprl mer 畠
fro m the E R Gllgenew e r e chose nto a r nplify the
intere sted fragm e nts, a nd So uther nblothybridiz atiorL
restriction fragm eTlt length polym o rphi島m (R F L P)
a sw ellaB81 ngle str a nd c o nfor m atio npolym orphis m
(SSC P)an alyses W 8re C O nduct¢d forthe fr agm ents
which w ere aJTIPlified by the 由 8etS Of prim ers
(pre-r e sista nt.se nsitiv白 Str ain畠 W ere used as c o at_
ro上s). T hr 軸 r ePr白88ntative Era.gm e nt8, A 66, D66
a nd E78
, w e r9 S ele cted to b8 Clo ned a nd Beque nCed.
The P C Ra mplification sho w ed that 畠e Ver al te8ted
Strain s w er e negativ efor s o m eprl m er8. Ho w e ver,
So uthe rnblot a nalysis reminded that their resista n_
ce didnot res ultfro m th8 la cking oftarget 8 nZyrne
coding g8n e･ Single stra nd c o nfo r matiorlpOlym o r-
phis m(SS C P)analy8i8 Sho w ed that differe nces W ere
noted betw eenthe re Bi8ta nt a nd sensitive 卓tr ain8
and inter-re sistant 8tr ain8I St&ti8tical a n aly818
sho wed that the m o st v ariable 8equC nCe lied in the
a mplifier of the sixth pair of prim er, a nd a,llthe
teBted 328train B Sho w ed po sitive remltB . hllm ut&_
lio npoints they fo u nd, fiv e rB白tltedirl amin o acid
alter nation
.
Iti白 1ikely that one or m o r e m tltatio.
n al alter atiot18(alo n e or in co mbin atio n)mightl飽 d
to the e =pres Bio 1･of a n e nzym ehighly re8iBtant tO
the irlhibitory actio n of FC Z
■
which in ttlr n i8
re spo n sible for the F C Zresista nt trait in these
8tr ains.
tlo w doe s(do)the point m utatio n(s)caus e the
r e sistanc ephen oty pe? Since14 D M(en coded by E R GIl
gene)i8 the target of 8 EOle antiftlngal age nts, this
e n 之ym eis potentially prone to alterations le ading
to r e sistan ce to tho s eagentBI T he activity of azole
8 i昌 attributed to co -ordination of the aE Ole rn oiety
with14D M h8 em . Az ole8 for m ed a one-to- o n ec o m_
ple x with the cytochro m e(azole-14 DM com plex).
Therefo re, the effic acy of an a zole as an inhibitor
of14 D M dep8nds on the geom etric orie ntation of
its a ZOle moiety to hae m iro n. Cle arly'it i8 pO88ible
that a decre asedin the affin ty of 14 D M for these
agents Ca n C alls? aZ Ole r e sista nc e(25).
Nu cleotide stlbstitution s which resulted in a mino
a cidcha nge s m ay affe ct the ge om etric orie ntation
of 14DM of thos e resista nt str ains, 昌O that az oles
c a nnotinter act with the h e m ir o n o rthis inter-
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actio ni8 interfered. Siglard et al. (26) an aly之edirl
clos er detailcha ngesin the affin ty of 14 D M for
a z ole a ntiru ngal agetlt且I A re sea rch plan c o nsisting
or fu nctionale xpr e sio nirl Saceharo myces c ere uisiae
or lphL3 Ca ndlda aLbi(.
Lam s E R Gllgenesof seque ntial
clinic al i畠Olate6 fro m patients W a s desigJled. This
selectio n. which
susceptibility to
ketocon az ole, a nd
of m utatio nsin
w a s c oupled with testing of
the a1 01e deriv8tiv es flu c o nazole,
itr aco n azole. e nabledth色detectio n
differe nt clo ned E R Gllge nes,
whos eproducts are pote ntially affected in their
affin ty for a z ole deriv ativ 臨 . T his s81ectio m e n abled
t,he detection of fiv ediffererlt m tltatio n包in the
clo ned E R GIIg8neS Which c or r elated witb the
occurrence of az ole resi tan cein clinic al is olates
.
These m utatio n8 耶 re a Sfollo w s: r印1a ce m ent of
the glycine at po8itio n129 with ala nine(G129 A),
Y 132 H, S405F, G 464S. a nd R 467Ⅰく. W hile the S405F
m utatio n w a sfo u nd a8 a Bingl昏 8mino acidstlbB -
titutio nin a14 D Mfr o m a n 8Z Olかr朗ista nt ye ast,
other m utatio n8 W erefotlnd 8im ultan 80 u81y in
individual E R GIlgene8, i, e ‥ R467 Kwith G464S,
S405F with Y 132fI, G 129A with G 464S, a nd R467 K
with G464S a nd Y132 H. Site･directed m 1tage neSi8
c･f a wild･ty pe E R G]1ge ne w asperfor m 8d to e&ti･
m ate the effect of ea ch of these mutation s on
re sista nc eto &2:01e deriv ative8
.
Ea ch8irlgle m utation,
with the e xceptio n of G 129 A.
effect on the affinity of the
Specific az ole deriv ativ es. So it
these specific m tl 8tio ns c o uld
had a m e 88u r8.ble
target 8 nEym efor
w as SPeC11ated that
c o nbine with the
effect of m ultidr ug 8ffll Xtra nspo rtersin the cli-
nical iso18teS 且nd c ontril) ute to different patter n s
a nd 5tepwiseincre asesiTl resistance to a宜Ole deri･
vativ e8(26).
1n Btlm m a ry, 1n Clinic al i8 0late8, iti8 u nlikelythat
a single m tltatio n wi 11tr a nsfo r m a stlS C ePtible
Strain into a highly resistant Strain . Resista nce
tlS tlally arises after long periodさ in the pre s enc e of
the dnlg, C O nditions that m ay stlp POrt the gr adual,
stepwise developm e nt of re sistance. Itis m orelikely
that resista nce wi llgradtl ally ev olve o ver tim e as
the reBt1ユt of se veral alter atio ns dueto co ntinu ollS
畠electiv e pres s u re fro mthe drug. This s ug gests that
s ev er al alter atio ns wi 11c ontri bute to the fi71al
r esista nt phen oty pe (3).
Refer en(】es
1
.
Va nde n Boss che,fL, W ar nock, D. W . , Dupont, B. ,
8t al. : M8 Cha ni畠m 白 a nd
a ntifungal drug resista nce.
32:189-202, 1994.
2
. White, T. C. : T he pre8e nCe
且Cidsubstitlltio n a nd loss
co rr elat8 With a n az ole
clinic al impact of
a. Mod. Vet. Mycol.
of an R467 K& mino
of allelic v ariation
resistant lano8terOl
14- alpha-de m ethyl且Se in･Candida alblcan s. Anti-
microb. Agent Che m other. 41:1488･1494, 1997.
3. W hite. T. C‥ M arr, K. A. a nd Bo wden, R , A.:
Clin c al, c ellular, and m olectllarfactor8 th8.t
c o ntribtlte tO a ntifu ngal drtlg resistanc e. Clin.
M icr ob, Rev. ll:382･402, 1998.
4
. Sch mi d. a. , Vo8S, E. , a nd Ross, D. 氏. : Co m･
puter
- a B Si白ted n ethod8 for a畠SeS81ng Strain rep
1atednB8 8irl Candida albic a n8by fiDgerprihting
with the m oderately repetitive Seque nceCab. J.
Clin. M icrobiol. 28:1236-1243, 1990.
5. M arr, K. A. , W hite, T. C‥ Va n, I. 冗. . et &1.:
De velopm ent of a flucon 8ZOle･r e 8i8ta nt CTa ndida
alblc a n8in apati8rLt u nder?olng bone marr ow
tr a nspla ntatio n. Clin. h fect. Di貞. 25:9081910,
1997.
6. P faller, M . A. , Rhine, C. J. . Redding, S. W . , et
al. : Variation8 in fl11COn aZOle 白uBCaPtibility
arld electrophoretic karyo七y pe am o ng oral iso-
1ates of Candida albLc aTWfro m patients with
AID Sarid oralc andidia8i昌. a. Clin. M icr obiol.
32:59164, 194.
7
.
Reading, S. , Smith, J‥ Farin a cci, G. , et al. ;
Resistanc e of Cbndida albic a nsto fluc on 且Z Ole
du ring tre atm ent of oropharynge al ca ndidia昌i8
in apatie nt with A ID S:docum e ntation by in
vitro 811 8 C eptibility te白ting and D NA s ubtype
analysis. Clin. Infe ct. Di日. 18:240-242, 1994.
8
.
Sanglard. D ‥ Ische r, F. , M on od M., et al. :
StlS C ePtibilitie s of Cαndida albica n s m 111tidrug
tr a nspo rter rnut且ntS tO V arious antifll ngal age-
nts and other metabolicinhibito rs. Antimic rob.
Agent Chem other. 40:230012305, 1996.
9. Sa nglard, D. , KtlChler, E. , lsche r, F. , et al.:
Mechani畠m S Of r e sistanc eto a乞01e aTltifu ngal
agents in CTandida albic an8 isolates fro m AID S
patientsinvolve specific ml止tidr ug tr a nsporters.
Antimicr ob. Agent C he m other. 39:2378-2386,
1995.
10. W hite, T . C . : Incre a s ed m R N A le v els of
ER G1 6, C D R, a nd M D R 1c o r relate withincrea -
se s in az ole r e sita nce in Ca ndida albic a TL B
is olate s fro m an HI V-infected patie nt. Anti-
千莫大学 真西医学研究セ ン タ ー 報告 第2巻 1998 67
microb. Agent Chen other. 41:.1482-1487, 1997.
ll. W hite, T. C. , Pf al1er, M . A. , Rinaldi, 氏. G. ,
et 81. : Stable a zole drug r e8iBtan Ce as sociated
with■& stlbstr ain of CTandida albicans from an
HIV-infe cted p8.tient.
1
0ral. D ig
.
3: Sloョ-Slog,
1997
.
12. Vanden Bo8SChe,
F. C. : M olec ular
in fungi. Trends
13. Per 馴)nal data.
14. Fekete･Forgacs,
E‥ M arich al. P‥ arld O dds,
m e cha ni8m 80f dr ug r e白i8ta nC e
M icrobiol
.
2:393-400, 1994.
K‥ S粗bo, E. , a nd Len卑ey, B. :
The form ation of hy phae of C bTuitda albic a n8
illduced by cyclodextrinB. Myco s e 840:451A 53,
1997.
15
.
Belgange r, P. , Na占t, C. C‥ Fratti, a , et al
Vorico n az ole(tJE1 09, 496)inhibits the gr o wth
a nd alters the m orpholog y of fluco na z ole -
s u8 C ePtible 8nd-r esistatlt CaT8dida 8peCieB.
Antimicrob. Agent
1997
.
16
.
W akabayashi, H. ,
al∴ Inbibition of
si白tant Strain 昌 Of
a ntifumgal age nts
C he m other , 41:1840-1842,
Abb, S. , TeragtlChi, 良. , et
hy pl18.1 gr o wth of az ole- r 8-
Ca ndlda albic a nsby tria z ole
in the pres enc e of lactofe r rin -
r elated c o mpo unds . Anti micr ob. Age nt C hem -
otlleT . 42:1587-1591, 19g8.
17. Gl1且nn Ollm, M . A. : Chndlda albic an s a ntifun -
gal-r esistant Str ains: Studies o nadhe r e n c e a nd
other pathogemicity related cha racteristics.
Myc o昌e S35:131- 39, 1992.
18. W ellm er, A . and Be r nha rdt, 】乱 : A dherellC e
o nbucc al epithelial cells and ger mtube for m a-
tion in the CO ntinlユO 11S flow ctltu re of clinical
Candida albica nsis olates
.
Myco8e 昌40:363- 68,
1997.
19. Shim oka 由 . 0. , Kato, Y ‥ a nd Nakaya m a,
H . : Acelユm ulation of 14- methyaLI sterols and
defe ctiv e hy phal gr owt hin CTandida albic a ns. ∫.
M ed. Vet. Mycol. 24:327-a36, 1986.
20
.
Hitchcock, C. A ‥ Ba r ret t-Bee, a J. and Rus-
S o11, N. J. : The lipidc ompositio n and perm e a-
bility to azole of a n azole- a nd polye ne- re sistant
m utant of Ca ndida albic a ns. I . Med . Vet .
Mycol. 25:29-37, 1987.
21
.
W a ng, W . L. , Z hng B. R. , W ang X. a . , et
al
.
: Scre e n i ng Of flu c o nazole- re Bi8t8 nt Cαndida
albねan s Btrain畠 u 8iTlg physic al and/ or chemi-
c al me an s. Acts M ic robiologia Si血ic a3:76･79,
1996
. (In C hinese)
22
. W ang, W . L. , Li, S. Y. , W ang, D. L. , 8t al. :
Prim ary 白tudy of azole aTltifu ngal resista n ce
m echanis m s of pathoge nic ye aBtS . C hinese
Jo urn al o
,
f･Derm atology 30(5):332- 836, 1997.
(工n C hin ese)
23. Wa ng, W . L, Wa.ng, D . L ‥ a nd Li, 氏. Y . :
Progre8畠in the 白ttldy of azole r8 Sistanc e(Re-
view). Over sea s Medicine･ Divisio n of Derm a-
tolog y29:2341237, 1997. (In C hine畠e)
24=. W ang, W . L‥ IJi, 氏 . Y‥ W a ng, D. L. , et al.:
AsB O Ciatio n of point m utatio n sin the E R G16
ge n e wit hazole resit ance. C hine畠e Jo u rnal of
Derm atolog y a nd Ven ereolog y ln pre s s. (In
Chinese)
25. W a ng, W . L. , Zhu, L. H ‥ Li, A. Y . , et, al∴
Re sistanc e m e ch8 ni8rn8 0f Ca ndida albica nB tO
azole 8.ntifu ngal agents. Chin e s eJour nalof Mc-
dicine, h pre ss. (In English)
26
.
Sa nglard, D. , Ⅰscher, F. , Koym an s, IJ. , et aL:
A min o a cidsllbstitutio n Bin the cyto chro me P1
450 1a n o8te rOl14a - de methy18 Se(C Y P51 A 1)
fr o m a zole-resistant Cαndida albic a ns clinic al
iB Olates contribllte tO reSist8.ne etO a Z Ole 8 nti.
ftlngalagents. Anti micr ob. Age nt C hern other.
42:241-253. 1998.
68 千葉大学 真薗医学研究セ ン タ ー 報告 第2巻 1998
